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ABSTRACT 
PCT/JP99/07381 



LINEAR LIGHT SOURCE AND IMAGE READING APPARATUS 



INCORPORATING THE SAME 



A linear light source (A) including an insulating substrate (1), a 
plurality of light emitting elements (3) arranged in columns on the substrate 
(1), a wiring pattern (2) connected with the light emitting elements (3) and 
formed on the substrate (1) so as to divide the light emitting elements (3) 
into a plurality of groups (Bj to B n ) ? and first and second terminal units (23 a, 
23b) in continuity with the wiring pattern (2). The plurality of light emitting 
elements (3) define a plurality of clearances (PI toP 2n -i) between adjacent 
light emitting elements, the clearances (P PI toP 2n -i) being adjusted so as to 
have different lengths. 
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SPECIFICATION 

Jdl^^^J^^^^^SOURC E AND IMAGE READING APPARATUS 
I NC 0 RPQR AT ING, JTHE_SAME 

TECHNICAL FTKT.n 

The present invention relates to a linear light source 
used for irradiating a linear region with light. It also 
relates to an image reading apparatus incorporating such a 
linear light source. 

BACKGROUND ART 

Conventionally, various linear light sources are used 
in image reading apparatus. Fig. 7A illustrates an example 
of prior-art linear light source. The light source includes 
an insulating rectangular substrate 90 and a plurality of LEDs 
(light emitting diodes) 92. The substrate 90 has a surface 
formed with a wiring pattern 8 (darkened portion) . The LEDs 
92 are arranged at a predetermined pitch in a row extending 
longitudinally of the substrate 90. 

The wiring pattern 8 includes two wiring portions 
extending longitudinally of the substrate 92, i.e., a first 
wiring portion 80 and a second wiring portion 81. The first 
wiring portion 80 has one end connected to a first terminal 
83a, whereas the second wiring portion 81 has one end connected 
to a second terminal 83b. The above-described row of LEDs 
92 is arranged between the first wiring portion 80 and the 



second wiring portion 81. The wiring pattern 8 further 
includes a plurality of auxiliary wiring portions 82 which 
are also arranged between the first wiring portion 80 and the 
second wiring portion 81. 
5 As shown in Fig. 7A, each auxiliary wiring portion 82 

has a left end at which is disposed one LED 92, which is 
connected to the first wiring portion 80 via a wire W. Other 
LEDs 92 are disposed at predetermined portions of the second 
J wiring portion 81. Each of these LEDs 92 is connected via 

p 10 a wire W to the right end of the corresponding auxiliary wiring 
5 portion 82. 

Fi ^- 7 B is a circuit diagram of the above-described 
p linear light source. As will be understood from this figure , 

□ the plurality of LEDs 92 are divided into a plurality of groups 

D 15 b i~ b n (each group including two LEDs 92 connected in series) . 

These groups b 1 -b n are connected in parallel to each other with 
respect to the first and the second wiring portions 80, 81. 
With this structure, when a predetermined voltage is applied 
across the first and the second terminals 83a, 83b, the 
plurality of LEDs 92 emit light. 

Although the above-described prior art linear light 
source can be used in various types of image reading apparatus , 
it has the following problems. Although the wiring pattern 
8 conducts a current well, the electrical resistance is not 
zero. Therefore, in the prior art structure shown in Fig. 
7A, due to this inherent electrical resistance, the 
luminosity of light emitted from the LEDs 92 which belong to 



20 



25 
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one group (e.g., group bj does not equal to the luminosity 
of light emitted from LEDs 92 which belong to another group 
(e.g. , group b 3 ) . 

In more detail with reference to Fig. 7B, since the 
wiring pattern 8 itself has an electrical resistance, the 
first wiring portion 80 has a resistance R v between adjacent 
groups <bi and bi+1 ) , whereas the second wiring portion 81 has 
a resistance R G between adjacent groups (h i and b i+1 ) 
Therefore, a voltage applied to the LEDs in a group located 
farther from the first and the second terminals 83a, 83b 
becomes smaller than the voltage applied to the LEDs in a group 
located closer to the terminals. As a result, LEDs in each 
group emit a different amount of light from each other. 
Specifically, the LEDs 92 which belong to the group b x emit 
the brightest light whereas the LEDs 92 in the group b n emits 
the weakest light. Light emitted from the LEDs becomes 
gradually weaker from the group b 2 to the group h n _ ± . 

With the prior art linear light source having the 
above-described characteristics, it is impossible to 
uniformly illuminate a document to be read with light, so that 
an appropriately read image may not be obtained. Such a 
problem occurs notably when an image reading apparatus is 
driven at a low voltage (for example, 5V) . 



DISCLOSURE OF THE INVKNTTON 

An object of the present invention, which is proposed 
to solve or alleviate the above-described problem, is to 



provide a linear light source which is capable of uniformly 
illuminating a linear region with light. Another object of 
the present invention is to provide an image reading apparatus 
incorporating such a linear light source. 

In accordance with a first aspect of the present 
invention, there is provided a linear light source 
comprising: an insulating substrate; a plurality of light 
emitting elements arranged in a row on the substrate, a wiring 
pattern formed on the substrate in electrical connection with 
the plurality of light emitting elements for dividing the 
plurality of light emitting elements into a plurality of 
groups; and a first and a second terminals in conduction with 
the wiring pattern; wherein the plurality of light emitting 
elements define a plurality of intervals between adjacent 
light emitting elements; one of the plurality of intervals 
being different in length from another of the intervals. 

With such a structure, by adjusting the intervals 
defined between the light emitting elements, it is possible 
to uniformly illuminate the linear region of the document even 
if the luminosity of light emitted from the light emitting 
elements is not uniform. 

In a preferred embodiment of the present invention, 
the interval between weaker light emitting elements is 
shorter than the interval between brighter light emitting 
elements . 

Preferably, the wiring pattern forms a plurality of 
current paths which correspond to the plurality of groups and 



extend from the first terminal to the second terminal. The 
interval defined between the light emitting elements of a 
group corresponding to a shorter one of the current paths is 
narrower than the interval defined between the light emitting 
elements of another group corresponding to a longer one of 
the current paths . 

Preferably, each of the plurality of groups includes 
at least two light emitting elements. Of course, each group 
may include three or more light emitting elements. 

According to a preferred embodiment, the substrate 
includes a first end and a second end opposite thereto, and 
the row of light emitting elements extends in a direction from 
the first end toward the second end, the plurality of intervals 
becoming gradually narrower in said direction. 

According to another preferred embodiment, the 
substrate includes a first end, a second end opposite thereto, 
and an intermediate portion located between the first end and 
the second end, the row of light emitting elements extending 
from the first end to the second end, the plurality of 
intervals becoming gradually narrower from the intermediate 
portion toward the first end and the second end. 

The first terminal and the second terminal may be 
disposed at the intermediate portion of the substrate. 

Preferably, the wiring pattern includes a first and 
a second wiring portions extending longitudinally of the 
substrate, the plurality of light emitting elements being 
arranged between the first wiring portion and the second 



wiring portion. 

Preferably, the linear light source may further 
comprise a plurality of photo-electric converters mounted on 
the substrate. 

According to a second aspect of the present invention, 
there is provided an image reading apparatus comprising: a 
case; a transparent plate supported by the case; an image 
forming lens supported by the case; and a linear light source 
for illuminating a document to be read, the linear light source 
including an insulating substrate, a plurality of light 
emitting elements arranged in a row on the substrate, a wiring 
pattern formed on the substrate in electrical connection with 
the plurality of light emitting elements for dividing the 
light emitting elements into a plurality of groups , and a first 
and a second terminals in conduction with the wiring pattern; 
wherein he plurality of light emitting elements define a 
plurality of intervals between adjacent light emitting 
elements, one of the plurality of intervals being different 
in length from another of the intervals. 

According to a third aspect of the present invention, 
there is provided a linear light source comprising: an 
insulating substrate having a first end and a second end 
opposite thereto; a plurality of light emitting elements 
supported on the substrate and arranged in a row extending 
from the first end to the second end; a wiring pattern in 
electrical connection with the plurality of light emitting 
elements, the wiring pattern including a first and a second 



wiring portions extending from the first end to the second 
end of the substrate; and a first and a second terminals formed 
on the substrate; wherein the first wiring portion includes 
a connecting end located close to the first end of the 
substrate, the second wiring portion including a connecting 
end located close to the second end of the substrate, the 
connecting end of the first wiring portion being connected 
to the first terminal, the connecting end of the second wiring 
portion being connected to the second terminal , whereby the 
plurality of light emitting elements emit light of 
substantially equal brightness. 

Preferably, the plurality of light emitting elements 
are arranged between the first wiring portion and the second 
wiring portion and divided into a plurality of groups by the 
wiring pattern. 

In a preferred embodiment, the first and the second 
terminals are arranged closer to the second end than to the 
first end of the substrate. 

In another preferred embodiment, the substrate 
includes an intermediate portion located between the first 
end and the second end of the substrate, the first terminal 
and the second terminal being disposed at the intermediate 
portion . 

Preferably, the plurality of light emitting elements 
are arranged on the substrate at substantially equal 
intervals . 



According to a fourth aspect of the present invention, 
there is provided an image reading apparatus comprising: a 
case; a transparent plate supported by the case; an image 
forming lens supported by the case; and a linear light source 
5 for illuminating a document to be read, the linear light source 
including an insulating substrate having a first end and a 
second end opposite thereto, a plurality of light emitting 
elements supported on the substrate and arranged in a row 
2 extending from the first end to the second end, a wiring 

IP 10 pattern in electrical connection with the plurality of light 
111 emitting elements, the wiring pattern including a first and 

O a second wiring portions extending from the first end to the 

Si 

O second end of the substrate, and a first and a second terminals 

rj formed on the substrate; wherein the first wiring portion 

C 15 includes a connecting end located close to the first end of 
the substrate, the second wiring portion including a 
connecting end located close to the second end of the substrate, 
the connecting end of the first wiring portion being connected 
to the first terminal , the connecting end of the second wiring 
20 portion being connected to the second terminal so that the 
plurality of light emitting elements emit light of 
substantially equal brightness. 

Other features and advantages of the present invention 
will become clearer from the detailed description of 
25 preferred embodiments given below with reference to the 
accompanying drawings . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a plan view showing a linear light source 
in accordance with a first embodiment of the present invention, 
and Fig. IB is a circuit diagram of the same linear light 
5 source . 

Fig. 2 is a sectional view showing an image reading 
apparatus incorporating the linear light source of Fig. 1A. 

Fig. 3 is a circuit diagram of a linear light source 
in accordance with a second embodiment of the present 
fS 10 invention. 

; || Fig. 4A is a plan view showing a linear light source 

§3 in accordance with a third embodiment of the present invention, 

is and Fig. 4B is a circuit diagram of the same linear light 

%l source. 

hi 15 Fig. 5A is a plan view showing a linear light source 

if"! 

N< in accordance with a fourth embodiment of the present 

invention, and Fig. 5B is a circuit diagram of the same linear 
light source. 

Fig. 6A is a plan view showing a linear light source 
20 in accordance with a fifth embodiment of the present invention, 
and Fig. 6B is a circuit diagram of the same linear light 
source . 

Fig. 7A is a plan view showing a conventional linear 
light source, and Fig. 7B is a circuit diagram of the same 
25 linear light source. 
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BEST MODE FOR PARBVTNft OTTT THR TWBKf TT r> N 

Preferred embodiments of the present invention will 
be described below with reference to Figs . 1A-6B . Throughout 
these figures, the elements which are identical or similar 
are designated by the same reference signs. 

A reference is first made to Figs. 1A and IB. Fig. 
1A is a plan view showing a linear light source A in accordance 
with a first embodiment of the present invention. Fig. IB 
is a circuit diagram of the light source A. As shown in Fig. 
1A, the light source A includes a rectangular insulating 
p substrate 1, a wiring pattern 2 (darkened portion) provided 

3 on a surface of the substrate 1, a plurality of LEDs 3 mounted 

3 on the wiring pattern 2, and a plurality of photo-electric 

3 converters 4. The substrate 1 may be made of a ceramic 

3 15 material or a glass-fiber-reinforced epoxy resin. The 
plurality of LEDs 3 are arranged in a row extending 
longitudinally of the substrate 1. 

The wiring pattern 2 may be formed by etching a metal 
film (e.g., a copper foil) applied on the substrate 1 by vapor 
deposition or sputtering. The basic structure of the wiring 
pattern 2 is similar to the wiring pattern (Fig. 7A) of the 
prior art described before. Specifically, the wiring 
pattern 2 includes two wiring portions extending 
longitudinally of the substrate 1, i.e., a first wiring 
portion 21 and a second wiring portion 22. The first wiring 
portion 21 has one end connected to a first terminal 23a, 
whereas the second wiring portion 22 has one end connected 
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to a second terminal 23b. The row of LEDs 3 is arranged 
between the first wiring portion 21 and the second wiring 
portion 22 . 

The wiring pattern 2 further includes a plurality of 
auxiliary wiring portions 24, and wirings {not shown) for 
connecting the photo-electric converters 4 to additional 
terminals 23c . The auxiliary wiring portions 24 are arranged 
between the first wiring portion 21 and the second wiring 
portion 22 . 

As shown in Fig. 1A, each of selected ones of the plural 
LEDs 3 is mounted on a left end of a respective auxiliary wiring 
portion 24 and connected to the first wiring portion 21 via 
a wire W. The remaining LEDs 3 are mounted at suitable 
positions of the second wiring portion 22, and each of these 
remaining LEDs 3 is connected to the right end of a respective 
auxiliary wiring portion 24 via a wire W. 

The first and the second terminals 23a, 23b are 
provided close to each other at one longitudinal end la of 
the substrate 1. The terminals 23a, 23b and the additional 
terminal 23c are connected to a suitable connector (not shown) . 
Electric power for driving the LEDs 3 is supplied from outside 
through the connector. 

The first wiring portion 21 is formed, at one end 
thereof (right end in Fig. 1A) , with a first short extension 
25a connected to the first terminal 23a. Similarly, the 
second wiring portion 22 is formed, at the right end thereof, 
with a second extension 25b connected to the second terminal 



23b. 

Each of the photo-electric converters 4 comprises an 
elongated IC chip having an obverse surface provided with a 
plurality of light receiving elements 40. The light 
5 receiving elements 40 are arranged at equal intervals 
longitudinally of the IC chip. Each of the light receiving 
element 40 outputs electric signals (image signals) 
corresponding to the received amount of light. As shown in 
S Fig. 1A, the photo-electric converters 4 are spaced from the 

wis? 

g ; l 10 LEDs 3 and the wiring pattern 2 and arranged in a row extending 

gi in the same direction as the row of LEDs 3. 

p As shown in Fig . IB, the plural ity of LEDs 3 are divided 

O into a plurality of groups B 1 -B n (each group including two LEDs 

O 3 connected in series) . These groups B x -B n are connected in 

i! e i! 

O 15 parallel to each other with respect to the first and the second 
wiring portions 21, 22. With this structure, when a 
predetermined voltage is applied across the first and the 
second terminals 23a, 23b, the plurality of LEDs 3 emit light. 
More specifically, the second terminal 23b is grounded/ and 
20 a voltage of e.g., 5V is applied to the first terminal 23a. 

Similarly to the prior art structure, since the wiring 
pattern 2 itself has an electrical resistance, the first 
wiring portion 21 has a resistance R v between adjacent groups 
(B x and B i + 1 ), whereas the second wiring portion 22 has a 
25 resistance R G between adj acent groups (Bi and B i+1 ) . Therefore, 
the voltage applied to the LEDs 3 in a group located farther 
from the first and the second terminals 23a, 23b (i.e., having 
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a longer current path) becomes smaller than the voltage 
applied to the LEDs in a group located closer to the terminals 
(i.e. , having a shorter current path) . As a result, the LEDs 
3 belonging to the group B x emit the brightest light, whereas 
the LEDs 3 belonging to the group B n emits the weakest light. 
Light emitted from the LEDs 3 becomes gradually weaker from 
the group B 2 to the group B^. 

The light source A of the present invention is 
characterized in that the plurality of LEDs 3 are arranged 
at different intervals. Specifically, when the number of 
groups of LEDs 3 is n, the total number of intervals (P) defined 
between the LEDs 3 is 2n-l . As shown in Fig . 1A, the intervals 
are identified as P 2 , P 2 , P 2n -i' respectively, from the 

right end toward the left end of the substrate 1 . In the first 
embodiment of the present invention, the intervals P x/ P 2 , . . . , 
P 2n _i are so set as to satisfy the relation P x > P 2 > . . . > P 2n -i • 

With such an arrangement, a weaker (or darker) LED 3 
is located close to another LED 3 for equalizing luminance 
over the entire row of LEDs . Therefore, with the light source 
A of the present invention, it is possible to uniformly 
illuminate a linear region of a document to be read. 

Next, reference is made to Fig. 2. This figure is a 
sectional view showing an image reading apparatus S 
incorporating the above-described linear light source A. 
The image reading apparatus S includes a case 50 formed of 
a synthetic resin, a transparent plate 51 mounted at an upper 
surface portion of the case 50, and an image- forming lens 52 



mounted in the case 50 in facing relationship to the reverse 
surface of the transparent plate 51. The substrate 1 of the 
above-described linear light source A is mounted at a bottom 
surface portion of the case 50. The case 50 includes a light 
path 50a defined therein. Light emitted from LEDs 3 of the 
light source A is guided along the light path 50a to reach 
an image read line L defined on an obverse surface of the 
transparent plate 51. Then, the light is reflected on a 
document D disposed on the transparent plate 51 and passes 
through the image-forming lens 52 to be collected. The 
collected light is received by the photo-electric converters 

4 of the light source A. The photo-electric converters 4 are 
located directly below the image-forming lens 52 . 

Though not illustrated, the transparent plate 51 is 
upwardly provided with a platen roller for transferring the 
document D in a secondary scanning direction (which is 
perpendicular to the image read line L) . By intermittently 
transferring the document D in the secondary scanning 
direction by the platen roller, an image of the document D 
is read line by line. However, when the image reading 
apparatus S is utilized as a hand scanner, the platen roller 
is not necessary. In such a case, the image reading apparatus 

5 itself is moved in the secondary scanning direction for 
reading an image of the document D. 

Fig. 3 schematically illustrates principal portions 
of a linear light source Aa in accordance with a second 
embodiment of the present invention. In this and the 



subsequent embodiments, description is omitted with respect 
to the items which are identical or similar to those already 
described in the first embodiment. 

The illustrated light source Aa includes a rectangular 
5 substrate 1 formed with a wiring pattern 2A. At the 
longitudinally central portion of the substrate 1, a first 
terminal 23a and a nearby second terminal 23b are provided. 
The wiring pattern 2A includes a first and a second wiring 
portions 21, 22 extending longitudinally of the substrate 1, 
10 and a plurality of auxiliary wiring portions 24 arranged 
therebetween . 

The first wiring portion 21 is connected via a first 
extension 25c provided at a longitudinally central portion 
of the substrate 1 to the first terminal 23a. The second 

15 wiring portion 22 is connected via a second extension 25d to 
the second terminal 23b. The second extension 25d is 
insulated from the first wiring portion 21 by utilizing a 
non-illustrated jumper or through-hole. 

The plurality of LEDs 3 are divided by the first and 

20 the second extensions 25c, 25d into a right and a left groups. 
Each of these groups is further divided into smaller groups 
or subgroups (B R1 ~B Rn and B L1 ~B Ln ) . Each of the subgroups 
includes two LEDs 3 connected in series to each other. The 
subgroups of LEDs 3 are connected in parallel to each other 

25 with respect to the first and the second wiring portions 22. 

Similarly to the first embodiment, the luminosity of 
light emitted from the LEDs 3 of the light source Aa varies 
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from one subgroup to another due to the electrical resistances 
R v , R G inherent to the first and the second wiring portion 22 . 
Specifically, the LEDs 3 belonging to the subgroup B R1 emit 
the brightest light, but the light from the LEDs become weaker 
as the location of the subgroups becomes closer to the right 
end of the substrate 1. Thus, the LEDs 3 belonging to the 
subgroup B Rn emit the weakest light. This fact holds for the 
LEDs 3 belonging to the left side subgroups B L1 ~B Ln . It is to 
be noted that the LEDs belonging to mutually corresponding 
right and left subgroups (e.g., the subgroup B R1 vs the 
subgroup B L1 , and the subgroup B R2 vs the subgroup B L2 ) emit 
light of the same luminosity. 

As shown in Fig. 3, the two LEDs 3 in the subgroup B R1 
are spaced from each other by an interval P 2 , whereas the two 
LEDs 3 in the subgroup B R2 are spaced from each other by an 
interval P 4 . (Generally, two LEDs 3 in the subgroup B Rn are 
spaced from each other by an interval P 2rl • ) This holds for 
the subgroups B L1 ~B Ln . The subgroup B R1 and the subgroup B L1 
are spaced from each other by an interval P x . 

In the second embodiment of the present invention, the 
intervals P x , P 2 , P 3 , P 2n are so set as to satisfy the 

relation P x > P 2 > P 3 > ... > P 2n . With such an arrangement, 
similarly to the first embodiment, a weaker LED 3 is located 
close to another LED 3 so that the luminosity of light can 
be equalized over the entire row of LEDs 3 . 

In the above-described embodiment, the intervals P 
between adjacent LEDs 3 are set so that P x > P 2 > P 3 > . . . > P 2n . 
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However, the present invention is not limited thereto, and 
some of these intervals P may be equal to each other (e.g., 
P 2 = P 3 ) . Further, each subgroup may include not less than 
three LEDs . Moreover, the number of LEDs included in one 
subgroup may not be equal to the number of LEDs included in 
another subgroup. 

Next, reference is made to Figs. 4A and 4B. Fig. 4A 
is a plan view showing a linear light source Ab in accordance 
with a third embodiment of the present invention. Fig. 4B 
is a circuit diagram of the light source Ab * 

The light source Ab has a basically same structure as 
that of the light source A shown in Fig. 1A except its 
characteristic portions. Specifically, the light source Ab 
includes a rectangular insulating substrate 1, a wiring 
pattern 2 (darkened portion) formed on the substrate 1, a 
plurality of LEDs mounted on the wiring pattern 2, and a 
plurality of photo-electric converters 4. 

The wiring pattern 2 includes a first wiring portion 
21, a second wiring portion 22 and a plurality of auxiliary 
wiring portions 24. As shown in Fig. 4A, each of the first 
wiring portion 21 and the second wiring portion 22 has a 
generally linear configuration extending longitudinally of 
the substrate 1. The first wiring portion 21 has a first end 
21a (left end in Fig. 4A) and a second end 21b (right end) 
longitudinally spaced from each other. The second wiring 
portion 22 has a first end 22a (left end) and a second end 
22b (right end) longitudinally spaced from each other. A 
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plurality of auxiliary wiring portions 24 are arranged 
between the first wiring portion 21 and the second wiring 
portion 22 * 

The first end 21a of the first wiring portion 21 is 
connected, via a first extension 21A, to a first terminal 23a 
provided adjacent the right end of the substrate 1. For 
enabling this structure, the first extension 21A is elongated 
in parallel to the first wiring portion 21. The second end 
22b of the second wiring portion 22 is connected, via the 
second extension 22A, to a second terminal 23b provided 
adjacent the first terminal 23a. Adjacent the second 
terminal 2 3b (right side inFig. 4A) , a plurality of additional 
terminals 23c are provided. The additional terminals 23c are 
connected via a predetermined wiring pattern (not shown) to 
the photo-electric converters 4. 

The auxiliary wiring portions 24 are utilized for 
dividing the plurality of LEDs 3 into a plurality of groups 
B^B,, and for connecting these groups in parallel to each other 
with respect to the first and the second wiring portions 21, 
22. Specifically, each LED 3 is bonded to one end (left end) 
of the corresponding auxiliary wiring portion 24 or to a 
predetermined portion of the second wiring portion 22. As 
shown in Fig. 4A, each of the LEDs 3 on the second wiring 
portion 22 is located close to the right end of the 
corresponding auxiliary wiring portion 24 . Each of the LEDs 
3 bonded to the left end of the corresponding auxiliary wiring 
portion is connected, via a wire W, to the first wiring portion 
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21. On the other hand, each of the LEDs 3 bonded to the second 
wiring portion 22 is connected, via a wire W, to the right 
end of the corresponding auxiliary wiring portion 24. Thus, 
the plurality of LEDs 3 are divided into a plurality of groups 
5 B I -B n each including two LEDs 3 connected in series. The 
groups B-^Bn are arranged in the mentioned order from left to 
right on the substrate 1. Thus, the group B x is located 
adjacent the left end 21a of the first wiring portion 21, 
_ whereas the group B n is located adjacent the right end 21b 

|S 10 of the first wiring portion 21, In this embodiment, the 
,k plurality of LEDs 3 are arranged at substantially equal 

fQ intervals. 

J' The feature of the light source Ab in accordance with 

Q the third embodiment of the present invention lies in that 

hi- 15 the left end 21a of the first wiring portion 21 and the first 
M> terminal 23a located at the right end of the substrate 1 are 

connected via the elongated first extension 21A. This 
structure brings about the advantages described in the 
following . 

20 As shown in Fig. 4B, the first wiring portion 21 

inherently has divided electrical resistances designated 
respectively as Rvi^vn-i * second wiring portion 22 

inherently has divided electric resistances designated 
respectively as R G1 ~R G n-i • Under this condition, consider how 

25 each group of LEDs 3 is affected by the resistances between 
the first end 21a of the first wiring portion 21 and the second 
end 22b of the second wiring portion 22 . As is clear from 
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Fig. 4B, the two LEDs 3 which belong to the group B 1 are 
connected in series to an (n-1) number of resistors R G1 ~-R G _i 
in the second wiring portion 22. On the other hand, the two 
LEDs 3 which belong to the group B 2 are connected in series 
to the resistor R vl in the first wiring portion 21 and an (n-2) 
number of resistors R G2 -R Gn ^ 1 in the second wiring portion 22. 

Thus, the group B 1 and the group B 2 are commonly 
connected to the resistors R G 2~RGn-i °f tne second wiring 
portion 22 . The difference between these groups lies in that, 
in addition to these resistors, the group B 1 is connected to 
the resistor R G1 of the second wiring portion 22, whereas the 
group B 2 is connected to the resistor R vl of the first wiring 
portion 21. In any case, the group B 1 and the group B 2 are 
connected to the same number (n-1) of resistors. Therefore, 
by appropriately adjusting the resistance, it is possible to 
substantially equalize the voltage applied to the LEDs 3 in 
the group B 1 and the voltage applied to the LEDs 3 in the group 
B 2 . As a result, it is possible to substantially equalize 
the luminosity of light emitted from the LEDs 3 in the group 
B x and the luminosity of light emitted from the LEDs 3 in the 
group B 2 . 

Similarly, the LEDs 3 in the group B, (3^i^n-l) are 
connected in series to the resistors R vl -R Vx _ 1 of the first 
wiring portion 21 and the resistors R Gi ~-R Gn _ x of the second 
wiring portion 22 . The LEDs 3 which belong to the group B n 
are connected in series to the resistors R V i~R V n-i ^ n tne first 
wiring portion 21. In any case, the two LEDs in each group 
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are connected to an (n-1) number of resistors. Therefore, 
by appropriately adjusting the resistance, it is possible to 
substantially equalize the luminosity of light emitted from 
the LEDs 3 in the group B 3 ( 3 ^ j ^ n) and the luminosity of light 
emitted from the LEDs 3 in the group B x or B 2 . 

The first extension 21A and the second extension 22A 
also inherently have an electrical resistance. Therefore, 
when a current flows through the extensions 21A and 22A, a 
voltage drop occurs at each extension in accordance with the 
resistance. However, since the voltage drop is common to the 
LEDs 3 in the groups B 1 ^B n , it does not adversely affect the 
uniformity of light luminosity of the LEDs 3. 

Next, a reference is made to 5A and 5B. Fig. 5A is 
a plan view showing a linear light source Ac in accordance 
with a fourth embodiment of the present invention. Fig. 5B 
is a circuit diagram of the light source Ac. 

As shown in Fig. 5A, a wiring pattern 2A formed on a 
rectangular substrate 1 includes a first wiring portion 26 
connected to a first terminal 23a, and a second wiring portion 
27 connected to a second terminal 23b. As shown in Fig. 5B, 
the first terminal 23a is grounded. A predetermined voltage 
is applied to the second terminal 23b. 

The first wiring portion 26, which is elongated 
longitudinally of the substrate 1, includes a left end 26a 
and a right end 26b. As shown in Fig. 5A, the left end 26a 
is located far from the first and the second terminals 23a, 
23b, whereas the right end 26b is located close to these 



terminals . The left end 26a is connected to a first extension 
26A. The first extension 26A is elongated longitudinally of 
the substrate 1 for connecting the left end 26a of the first 
wiring portion 26 to the first terminal 23a. The second 
5 wiring portion 27, which is also elongated in parallel with 
the first wiring portion 26, includes a left end 27a and a 
right end 27b. The right end 27b located closer to the 
terminals 23a, 23b than the left end 27a is connected, via 
□ a second extension 27A having a short length, to the second 

RS 10 terminal 23b. Between the left end 26a of the first wiring 
3 portion 26 and the right end 27b of the second wiring portion 

27, the first wiring portion 26 inherently has divided 
electrical resistances R G i~R G n-i whereas the second wiring 
portion 27 inherently has divided resistances R V i~Rvn-i- 
15 As is clear from Fig. 5B which shows the main circuit 

of the light source Ac, the LEDs 3 are divided into a plurality 
of groups B L ~B n {each including two LEDs 3) also in this 
embodiment. Similarly to the above-described third 

embodiment, the LEDs 3 which belong to each group B ± (l^i 
20 ^n) are connected in series to an (n-1) number of resistors. 
Therefore, by appropriately adjusting each resistance, it is 
possible to substantially equalize the luminosity of light 
emitted from each group B 1 -B n of LEDs 3 . 

Next, reference is made to Fig. 6A and 6B . Fig. 6A 
25 is a plan view showing a linear light source Ad in accordance 
with a fifth embodiment of the present invention. Fig. 6B 
is a circuit diagram of the light source Ad. 



22 



The light source Ad includes a rectangular substrate 
1, a wiring pattern 2B formed on the substrate 1, a plurality 
of LEDs 3 mounted on the wiring pattern 2B, and a plurality 
of photo-electric converters 4 arranged in a row extending 
5 longitudinally of the substrate 1. As shown in Fig. 6A, at 
the longitudinally central portion of the substrate 1, a first 
terminal 23a and a second terminal 23b are provided. The 
first terminal 23a is connected to a first extension 28A 
^ extending toward the left end of the substrate 1 . On the other 

2 10 hand, the second terminal 23b is connected to a second 
extension 29A extending toward the right end of the substrate 
i& 1. The left end of the first extension 28A is connected to 

5 " a left end 28a of the first wiring portion 28, whereas the 

\| right end of the second extension 29A is connected to a right 

ia 15 end 29b of the second wiring portion 29. 

yk As shown in Fig. 6B, also in this embodiment, the LEDs 

3 are divided into a plurality of groups B x ~B n , and the LEDs 
3 which belong to each group B x (l^i^n) are connected in 
series to the same number of resistors. Therefore, by 

20 appropriately adjusting each resistance, it is possible to 
substantially equalize the luminosity of light emitted from 
each group B x -B n of the LEDs 3. 

Although LEDs are used in the above-described 
embodiments, another kind of device may be used for light 

25 emitting elements. Further, the number of light emitting 
elements and the number of groups may be modified. Moreover, 
the linear light source in accordance with the present 
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invention may be appropriately 
reading apparatus but also for 



used not only for an image 
other apparatus. 
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CLAIMS 



1. A linear light source comprising: 

an insulating substrate; 

a plurality of light emitting elements arranged in a 
row on the substrate; 

a wiring pattern formed on the substrate in electrical 
connection with the plurality of light emitting elements for 
dividing the plurality of light emitting elements into a 
plurality of groups; and 

a first and a second terminals in conduction with the 
wiring pattern; 

wherein the plurality of light emitting elements 
define a plurality of intervals between adjacent light 
emitting elements, one of the plurality of intervals being 
different in length from another of the intervals. 

2. The linear light source according to claim 1, wherein the 
interval between weaker light emitting elements is shorter 
than the interval between brighter light emitting elements. 

3. The linear light source according to claim 1, wherein the 
wiring pattern forms a plurality of current paths which 
correspond to the plurality of groups and extend from the first 
terminal to the second terminal, and wherein the interval 
defined between the light emitting elements of a group 
corresponding to a shorter one of the current paths is narrower 



than the interval defined between the light emitting elements 
of another group corresponding to a longer one of the current 
paths . 

5 4. The linear light source according to claim 1, wherein each 
of the plurality of groups includes at least two light emitting 
elements . 

5. The linear light source according to claim 1, wherein the 
10 substrate includes a first end and a second end opposite 

thereto, the row of light emitting elements extending in a 
direction from the first end toward the second end, the 
plurality of intervals becoming gradually narrower in said 
direction . 

15 

6. The linear light source according to claim 1, wherein the 
substrate includes a f irsc end, a second end opposite thereto, 
and an intermediate portion located between the first end and 
the second end, the row of light emitting elements extending 

20 from the first end to the second end, the plurality of 
intervals becoming gradually narrower from the intermediate 
portion toward the first end and the second end. 

7. The linear light source according to claim 6, wherein the 
25 first terminal and the second terminal are disposed at the 

intermediate portion of the substrate. 
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8. The linear light source according to claim 1, wherein the 
wiring pattern includes a first and a second wiring portions 
extending longitudinally of the substrate, the plurality of 
light emitting elements being arranged between the first 
wiring portion and the second wiring portion. 

9. The linear light source according to claim 1, further 
comprising a plurality of photo-electric converters mounted 
on the substrate. 

10. An image reading apparatus comprising: 

a case; 

a transparent plate supported by the case; 

an image forming lens supported by the case; and 

a linear light source for illuminating a document to 
be read, the linear light source including an insulating 
substrate, a plurality of light emitting elements arranged 
in a row on the substrate, a wiring pattern formed on the 
substrate in electrical connection with the plurality of 
light emitting elements for dividing the light emitting 
elements into a plurality of groups, and a first and a second 
terminals in conduction with the wiring pattern; 

wherein the plurality of light emitting elements 
define a plurality of intervals between adjacent light 
emitting elements, one of the plurality of intervals being 
different in length from another of the intervals. 
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11. A linear light source comprising: 

an insulating substrate having a first end and a second 
end opposite thereto; 

a plurality of light emitting elements supported on 
the substrate and arranged in a row extending from the first 
end to the second end; 

a wiring pattern in electrical connection with the 
plurality of light emitting elements, the wiring pattern 
including a first and a second wiring portions extending from 
the first end to the second end of the substrate; and 

a first and a second terminals formed on the substrate; 

wherein the first wiring portion includes a connecting 
end located close to the first end of the substrate, the second 
wiring portion including a connecting end located close to 
the second end of the substrate, the connecting end of the 
first wiring portion being connected to the first terminal, 
the connecting end of the second wiring portion being 
connected to the second terminal , whereby the plurality of 
light emitting elements emit light of substantially equal 
brightness . 

12. The linear light source according to claim 11, wherein 
the plurality of light emitting elements are arranged between 
the first wiring portion and the second wiring portion and 
divided into a plurality of groups by the wiring pattern. 
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13. The linear light source according to claim 11, wherein 
the first and the second terminals are arranged closer to the 
second end than to the first end of the substrate. 



Si 
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14. The linear light source according to claim 11, wherein 
the substrate includes an intermediate portion located 
between the first end and the second end of the substrate, 
the first terminal and the second terminal being disposed at 
the intermediate portion. 

15. The linear light source according to claim 11, wherein 
the plurality of light emitting elements are arranged on the 
substrate at substantially equal intervals. 



15 16. The linear light source according to claim 11, further 
comprising a plurality of photo-electric converters mounted 
on the substrate. 



17. An image reading apparatus comprising: 
20 a case; 

a transparent plate supported by the case; 
an image forming lens supported by the case; and 
a linear light source for illuminating a document to 
be read, the linear light source including an insulating 
25 substrate having a first end and a second end opposite thereto, 
a plurality of light emitting elements supported on the 
substrate and arranged in a row extending from the first end 
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to the second end, a wiring pattern in electrical connection 
with the plurality of light emitting elements, the wiring 
pattern including a first and a second wiring portions 
extending from the first end to the second end of the substrate, 
and a first and a second terminals formed on the substrate; 

wherein the first wiring portion includes a connecting 
end located close to the first end of the substrate, the second 
wiring portion including a connecting end located close to 
the second end of the substrate, the connecting end of the 
first wiring portion being connected to the first terminal, 
the connecting end of the second wiring portion being 
connected to the second terminal so that the plurality of light 
emitting elements emit light of substantially equal 
brightness . 



30 



ABSTRACT 



A linear light source (A) includes an insulating 
substrate (1), a plurality of light emitting elements (3) 
arranged in a row on the substrate (!) , a wiring pattern (2) 
formed on the substrate (1) in electrical connection with the 
plurality of light emitting elements (3) for dividing the 
plurality of light emitting elements (3) into a plurality of 
groups (B 1 -B n ) , and a first and a second terminals {23a, 23b) 
in conduction with the wiring pattern (2) . The plurality of 
light emitting elements (3) define a plurality of intervals 
(P 1 -P 2n „ 1 ) between adjacent light emitting elements. The 
plurality of intervals (Pi~P 2n -i> are set to differ from each 
other in length. 



Inventor: Fujimoto, et al. 
Docket No.: 10921. 96USWO 

Tide. LINEAR LIGHT SOURCE AND IMAGE READING APPARATUS 
INCORPORATING THE SAME 
Attorney Name- Douglas P Mueller 
Phone No.. 612.371 5237 
Sheet 1 of 7 



/ 




r— I 

b 
i — i 



J3 _Q 

£ X CO 



I \ CXI 



1^ 



CO 



c 



I CXI 




1/7 



Inventor: Fujimoto, et al. 
Docket No. : 1 092 1 .96USWO 

Tide- LINEAR LIGHT SOURCE AND IMAGE READING APPARATUS 
INCORPORATING THE SAME 
Attorney Name: Douglas P. Mueller 
Phone No.: 612 371.5237 
Sheet 2 of 7 



09/869680 




2/7 



Inventor: Fujimoto, et al. 
Docket No.: 10921.96USWO 

Title. LINEAR LIGHT SOURCE AND IMAGE READING APPARATUS 
INCORPORATING THE SAME 
Attorney Name: Douglas P Mueller 
Phone No.: 612 371.5237 
Sheet 3 of 7 




3/7 



Inventor: Fujimoto, et al. 
Docket No.: 10921.96USWO 

Title: LINEAR LIGHT SOURCE AND IMAGE READING APPARATUS 
INCORPORATING THE SAME 
Attorney Name: Dougl'as P. Mueller 
Phone No: 612.371.5237 
Sheet 4 of 7 




4/7 




5/7 



Inventor: Fujimoto, et al. 
Docket No.: 10921.96USWO 

Title- LINEAR LIGHT SOURCE AND IMAGE READING APPARATUS 
INCORPORATING THE SAME 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 6 of 7 




6/7 




7/7 



Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 
fcl±, T*[CK€*ie«LfcPIW*i UT, &T<Dt As a belownamed inventor, I hereby declare that: 



ftOftBf. Sffi©*a5fcfc«fctfBSli. TflCifc&lC&U My residence, post office address and citizenship areas stated 
TKfLtifiij^y, below next to my name, 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



LINEAR LIGHT SOURCE AND IMAGE 
READING APPARATUS INCORPORATING 



yl DCCCSBWr*. 

ft 



THE SAME 



the specification of which 

(check one) 

□is attached hereto. 



BizmiEUft. 



□was filed on 



as 



Application Serial No. 
and was amended on 



BfCPCTSfigftgH^ 



PCTft19*IC»-^* 



BfCttiE^o 



(if applicable) 

Kwas described and claimed in PCT international application 
No , PCT/JP99/07381 fifed on 

December 27, 199 9 

and as amended under PCT Article 19 or 34 on 



(if applicable) 

Bijifitf><h& y *SIE Lt/tM^OtEB^^ftlffieHffl! 1 hereb y state that I have reviewed and understand the contents 



jt»«H3cJU|I37flSft 1 mft56sfe (a) XSfCSftv 



of the above identified specification, including the claims, as 
amended by any amendment referred to above. 
I acknowledge the duty to disclose information which is 
material to the examination of this application in accordance 
with Title 37, Code of Federal Regulations, § 1.56(a). 



Page 1 of 4 



Japanese Language Declaration 



tuts ^Mmmmms^muB^ <a) - (d) m&zz& 

(a) - (fa) Wz1>£'J<TuZ<Dftm¥fWt&m& 

mz^m Lit p c t mmthm&ftmfc?cmm&$:±Wi 



I hereby claim foreign priority benefits under Title 35, United 
States Code, § 119(a)-{d) or § 365 (a) -(b) of any foreign 
application® for patent or inventors 
certificate, or of any PCT international application which 
designated at least one country other than the United States, 
listed below and have also identified below any foreign 
application for patent or inventor's certificate or PCT 
international application having a filing date before that of the 
application on which priority is claimed: 



Prior foreign applications 



(Number) 

Patent Application 

No. 11-16797 


(Country) 

war 

Japan 


(Day/Month/Year Filed) 

26/1/1999 


(Number) 

««« 

Patent Application 

No. 11-16798 


(Country) 
(■«) 

Japan 


(Day/Month/Year Filed) 
UUg4>£?MB) 

26/1/1999 


(Number) 


(Country) 

(BS) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 
(d«4>*MB) 


(Number) 


(Country) 


(Day/Month/Year Filed) 



Priority claimed 



m 

Yes 
Yes 

□ 

Yes 



□ 

Yes 



□ 

Yes 



□ 

No 

□ 

No 

□ 

No 



□ 

No 

&u 

□ 

No 
41/ 



»(i * £*SS AII35 9»1 20 A (c *> i: o*< T1E(D ^fts 

«-r-5PCTai»tfw«>fijtt«:3Eau *m<onntoKm& 
uuR^UHB £ *Ha>BnttJHB srciz p c tskuihb © 

Mlc&ftsn^aMftH»IMI37SMl«»56ft (a) Bit 



(Application Serial No.) (Filing Date) 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application®, or § 365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT international application in the manner provided 
by the first paragraph of Title 35, United States Code, § 1 12, 1 
acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1.56(a) 
which occurred between the filing date of the prior application 
and the national or PCT international filing date of this 
application: 

(3K3E) (Status) 
0r#fr"3S#>, ^S*, (patented, pending,abandoned) 



(Application Serial No.) (Filing Date) (JRR) (Status) 

(tfJSS^t) (fflJSB) (*Erlfj&*, kjl*, WMffifr) (patented, pending, abandoned) 



Page 2 of 4 



Japanese Language Declaration 



IC» l,T 3*1 «a 5CtM 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



2 (ftSAKSfccttXS»S^*ME(Dc:<h) 




POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and /or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list name and 
registration number) 



ibrecht, John W. 
Ali, M. JefTer 
Anderson, Gregg I. 
Batzlt, Brian H. 
Beard, John L. 
Bems, John M. 
Black, Bruce E. 
Branch, John W. 
Bremer, Dennis C. 
Bruess, Steven C. 
Byrne, Linda M. 
Campbell, Keith 
Carlson, Alan G. 
Caspers, Philip P 
Chiapetta, James R. 
Clifford, John A. 
Daignault, Ronald A. 
Daley, Dennis R. 
Dalgtish, Leslie E. 
Daulton, Julie R. 
DeVries Smith, Kate 
DiPietro, Mark J. 
Edell, Robert T. 
Epp Ryan, Sandra 
Glance, Robert J. 
Goggin, Matthew J. 
Goita, Chartes E 
Gorman, Alan G 
Gould, John D. 
Gregson, Richard 
Gresens, John J. 
Hamer, Samuel A 



Reg. No.jWj^UU^ 
Reg. No. 46J5X 
Reg. No. 28.828„ 
Reg. HQ^Xlg&L 
Reg .^0.2161^ 
Reg. No. 
Reg. N o. 41,622, 
Reg. N o.41,633_ 
Reg. No. 40.528 , 
Reg. No-Jiiia- 
Reg. Uo.J2jm-< 
Reg No. P-46,597 
Reg. NcjOlU" 
Reg No. 33.22? 
Reg N o- 39,634 , 
Reg. No. 30,247, . 
Reg. N o 25,968 
Reg. Nor34,994 
Reg. N o. 40,579 
Reg. No . 36,414 
Reg. No uj£.157 
Reg. No. 28^707 
Reg. Nor20Tl87^ 
Reg. No739jS67"~ 
Reg. No.HO^T 

Reg. No.-^nr 

Reg. NoTZ^ST6- 
Reg. No 73^4723 
Reg. No. 18,223 
Reg. NoM 1,804 

Reg- NoriflnC 

Reg. No. P-46,754 



Hamre, Cuftis B 
Hamso*, Kevin C. 
Hertzbcrg, Brett A. 
Hiltson, Randall A. 
Hotter. Jr., Richard J. 
Johnston, Scott W 
Kadievitch. NaUlic D 
Karjeker, Shaukat 
Kastelic, Joseph M. 
Kettelberger, Denise 
Keys, Jeramie J. 
Kneari, Homer L. 
Kowalchyk, Alan W 
Kowalchyk, Kathenne M. 
Lacy, Paul A. 
Larson, James A. 
Leon, Andrew J. 
Leonard, Christopher J 
Liepa, Mara E. 
Lindqutst, Timothy A. 
Lycke, Lawrence E. 
McDonald, Daniel W. 
Mclntyre, Jr William F. 
Mitchem, M. Todd 
Mueller, Douglas P 
Nichols, A. Shane 
Pauiy, Daniel M. 
Phillips, Bryan K. 
Phillips, John B. 
Plunkctt, Theodore 
Prendergast, Paul 
, Pytel, Melissa J. 



Reg. No. 29,165 
Reg. Nq> ^6,75.9 
Reg. H&r+Z$6&~ 
Reg. Na il, 838 
Reg. No. j42.668_ 
Reg. No, 39 . 7 21 - 
Reg. N0 34.1.96 
Reg. NqJU (UQ 
Reg No . 37.160 
Reg. No J3_24„ 
Reg. Wo.JZJ2±^ 
Reg No. 2 1,197 
Reg No. 31.535 
Reg No 36 j48 
Reg No 58^946 
Reg No* 40,443 " ~ 
Reg. No . P^6,869 
Reg. No ^4 1.940 
Reg. No JpJifiD-- 
Reg- No. J0.701 
Reg. No.jfjioZl 
Reg. No. 32,044 
Reg No_£STT 
Reg. No.JOJIL— 
Reg. No . 30,300 
Reg. ^^4 3^836 

Reg NoJ_£^2£l_ 
Reg. No_37^Q6 
Reg. ^ ^7.209 
Reg. NoL_46ii6&_ 
Reg No 37^209 



Quaky, Terry 
Retch, John C 
ReiUnd. Earl D. 
Samuels, Lisa A. 
Schmaltz, David G. 
Schuman, Mark D. 
Schumann, Michael D. 
Scull, Timothy B. 
Sebald, Gregory A. 
Skoog. Mark T. 
Spellman, Steven J. 
Stoll-DeBcll, Kirsten L. 
Sumner, JoTin P 
Swenson, Erik G 
Tellekson, David K. 
Trembath, Jon R. 
Tuchmaajdo 
Underhill, Albert L. 
Vandenburgh, J. Derek 
Wahl, John R. 
Weaver, Karri c G. 
Wetter. Paul A. 
Whipps, Brian 
Whittker, John E. 
Wickhem, J. Scot 
Williams, Douglas J. 
Withers, James D. 
^Witt, Jonelle 
Wu, Tong 
Xu, Min S. 
Zeuli, Anthony R. 



Reg. No.^MS^ 
Reg. No . 37.703 
Reg. No.JXI67_ 
Reg. No. 4JUJ80— 
Reg. No . 39.828, 
Reg.No.^31,197^ 
Reg. N o. 30.42 2- 
Reg. No. 42JJL7^ 
Reg. No. 33,280- 
Reg- No-j4_L^ 
Reg. No.45J2jL. 
Reg No. 43,164^ 
Reg. No_29_JJJU 
Reg. No.^4_J4Z- 
Reg. N o. 32.3 1 4_ 
Reg. No 38,344_ 
Reg. No. 4S.924 
Reg No . 27.403 
Re 8 N o. 32.179 
Reg. N o. 33.044 
Reg. No . 43,245 
Reg. No. 20,890 
Reg. No. 43j26jL 
Reg. No.J3,S4A„ 
Reg. ^.41^37^ 
Reg. No. 27J15A^,. 
Reg- No. 4Q_Zd_ 
Reg. No.J^gSflU- 
Reg- Nto. 4306JU 
Reg- No.Jo^SSjS^, 
Reg. No.JS^aSS-^ 



Douglas P. Mueller 
MERCHANT & GOULD P.C. 
3200 IDS Center, 80 South 8th Street, 
Minneapolis, MN 55402-2215, U.S.A. 



Send Correspondence to: 
.Do uglas P. Mueller 
MERCHANT & GOULD P.C. 



3200 IDS Center, 80 South 8th Street, 
"Minneapolis, MN 55402-2215, U.S.A7 



Douglas P. Mueller at 612/371-5237 



Direct Telephone Calls to: (telephone number) 
Douglas P. Mueller at 612/371-5237 
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Japanese Language Declaration 





Full name of sole or first inventor 

Hisayoshi Fu"j imoto 




Inventor's signature Date 

iF^s^^ <3wUaAs June 25, 2001 




Residence ^ 

c/o ROHM CO. , LTD.,, Kyoto , Japan <^Xp K~Jy 


mm 


Citizenship Japan / f 




Post Office Address 

c/o ROHM CO. , LTD. 

21, Saiin Mizosaki-cho , Ukyo-ku, 

Kyoto-sni, Kyoto bib-oooa Japan 




Full name of second joint inventor, if any 

Hiroaki Onishi 




Second Inventor's signature Date 

''HUm&L <D^L June 25, 2001 




Residence . > S~ 

c/o ROHM CO., LTD. Kyoto ^ Japan )^ 




Citizenship Japan ^ 




Post Office Address 

c/o ROHM CO. , LTD. 

21, Saiin Mizosaki-cho, Ukyo-ku, 

Kyoto-shi, Kyoto 615-8585 Japan 






Full name of third joint inventor, if any 

Norihiro Imamura 




%4fd4trroritorVsigT^iife- — _ Date 

A^wu>uy 'JW^wi/^ June 25, 2001 




Residence „ t *r\ 

c/o ROHM CO., LTD. Kyoto, Japan ^J>-p \// 


IP 


Citizenship Japan ^ f 




Post Office Address 

c/o ROHM CO. , LTD. 

21, Saiin Mizosaki-cho, Ukyo-ku, 

Kvoto-shi, Kyoto 615-8585 Japan 




Full name of fourth joint inventor, if any 




Fourth Inventor's signature Date 




Residence 


Mi 


Citizenship 




Post Office Address 






Full name of fifth joint inventor, if any 




Fifth Inventor's signature Date 




Residence 




Citizenship 




Post Office Address 
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